Objective: Cooking programs are growing in popularity; however, an extensive review has not examined their overall impact. Therefore, this study reviewed previous research on cooking/home food preparation interventions and diet and health-related outcomes among adults and identified implications for practice and research. Design: Literature review and descriptive summative method. Main Outcome Measures: Dietary intake, knowledge/skills, cooking attitudes and self-efficacy/ confidence, health outcomes. Analysis: Articles evaluating the effectiveness of interventions that included cooking/home food preparation as the primary aim (January, 1980 through December, 2011 were identified via Ovid MEDLINE, Agricola, and Web of Science databases. Studies grouped according to design and outcomes were reviewed for validity using an established coding system. Results were summarized for several outcome categories. Results: Of 28 studies identified, 12 included a control group with 6 as nonrandomized and 6 as randomized controlled trials. Evaluation was done postintervention for 5 studies, pre-and postintervention for 23, and beyond postintervention for 15. Qualitative and quantitative measures suggested a positive influence on main outcomes. However, nonrigorous study designs, varying study populations, and the use of nonvalidated assessment tools limited stronger conclusions. Conclusions and Implications: Well-designed studies are needed that rigorously evaluate long-term impact on cooking behavior, dietary intake, obesity and other health outcomes.
INTRODUCTION
The importance of away-from-home meals and convenience foods in the American diet may relate to a lack of time to plan and prepare meals at home. 1 A recent review also implicates a lack of cooking skills and food preparation knowledge as barriers to preparing home-cooked meals. 2 The percentage of total household food dollars spent on food eaten away from home is now higher compared with 30 years ago (33% in 1970 to 47% in 2010). 3 Consumption of fast food and food from away-from-home locations is associated with lower diet quality and obesity among adults. [4] [5] [6] [7] [8] National dietary intake data from 1994-1996 and 2003-2004 show that each meal away from home is related to an increase in calories by 130/d and a reduction in diet quality by 2 points on the Healthy Eating Index scale. 9 Food prepared at home provides fewer calories per eating occasion and, on a per-calorie basis, provides less total and saturated fat, cholesterol, and sodium, and more fiber, calcium, and iron compared with food prepared away from home. 10 Among low-income women, increased frequency of consuming foods prepared from scratch over a 3day period is associated with an increase in fruit and vegetable, protein, vitamin C, iron, zinc, and magnesium intakes. 11 Furthermore, time usage data show that time spent on food preparation and cleanup is less for the average household compared with 30 years ago. In 1995, time spent on food preparation and cleanup was about half (41 min/d) that spent in 1965 (85 min/d) by working women in the US. 12, 13 More recent time usage data (2003) (2004) ) also show that time spent in food preparation decreases as time spent working outside the home increases, 14 with a greater number of women in the US workforce (an increase of 44% from 1984 to 2009). 15 This rise in working women, an amplified perception of time scarcity, 1 and increased availability of convenience foods based on technological advances and societal demands contribute to the decline in cooking and home food preparation. An observational study of 64 home-cooked dinner meals shows that most meals contain processed, commercial foods possibly because of limited cooking skills. 16 Several cross-sectional, observational studies show a relationship between food preparation skills among adults and associated outcomes. Among mothers of school-aged children, confidence in the ability to prepare a healthy meal is positively associated with healthfulness of the meal. 17 A survey of German adults indicates that ready-meal consumption (ie, consumption of complete, main course meals prepared externally) is inversely associated with cooking skills. 18 A high perceived value of food preparation is associated with greater intake of fruits and vegetables among women in Australia, 19 and when the main home cook is confident in preparing vegetables, households buy a greater variety of vegetables. 20 Given the potential positive outcomes related to cooking skills, nutritionists and public health professionals are promoting cooking interventions as a way to improve health. For example, 1 large-scale cooking initiative known as Cooking Matters is under way in at least 45 states. Through the program, local chefs partner with community organizations to teach cooking skills. 21 Even though the programs are becoming more popular and well-established, an extensive review of the literature that examines the short-and longterm impacts of cooking interventions for adult populations is not available. A review of this type can provide information to improve the effectiveness of current programs and inform the development of new programs. The purpose of the current study was to review previous research on cooking/home food preparation interventions and diet and healthrelated outcomes among adults. Relevant studies include interventions that focus primarily on home food preparation/cooking as the primary aim. Studies are also reviewed to identify implications for practice and future research.
METHODS
The researchers identified relevant research studies published between January, 1980 and December, 2011 via searches of Ovid MEDLINE, Agricola, and Web of Science databases. The following terms were used in various combinations to perform searches: ''intervention,'' ''demonstration,'' ''health promotion,'' ''education,'' or ''class''; and ''food preparation,'' ''home food preparation,'' ''cooking or cookery''; and ''food habits,'' ''food intake,'' ''eating patterns,'' ''diet,'' ''dietary intake,'' ''dietary outcomes,'' or ''skills.'' The search was limited to studies published in the English language and those involving adults (ie, primarily $ 18 years of age), including college students.
A total of 373 journal articles and 85 educational materials were retrieved. Educational materials included mostly books as well as visual aids (slide sets, filmstrips, videos, and transparencies), teaching kits, and government publications. Of the 373 journal articles, 54 were repeated in 2 or 3 databases, which left 319 for further review. The authors reviewed abstracts for all articles and excluded studies if they were not intervention studies (n ¼ 209: those with a cross-sectional design with qualitative and quantitative methods such as dietary assessment, attitude, and behavioral surveys; focus group and individual interviews; and case studies). Articles were not included if they reported on studies that involved children as the target group, were reports or commentaries on recommendations or resources, or were review articles. Articles were also not included if they were intervention studies that did not have cooking or food preparation as the primary aim, or if only formative development of programs that involved cooking or food preparation was described without evaluation measures. After these exclusions (n ¼ 306), the researchers included for further review 13 applicable studies that had cooking or home food preparation as the primary aim. Other potentially relevant studies were identified from bibliographies of these applicable studies. This study was exempt from institutional review board review because it involved a review of previously completed, published studies.
A total of 28 studies meeting the inclusion criteria were identified through this search strategy. Intervention studies included cooking or home food preparation through cooking assignments, 22, 23 cooking classes/demonstrations in community or clinical settings, [46] [47] [48] [49] and viewing a cooking television show. 45 Studies were grouped according to design (intervention without control groups, nonrandomized control trials, and randomized control trials) and intended outcomes. One author extracted information from studies into a standardized table (Table 1) structured to provide objective information about the population, intervention duration, measures, and measurement tools and outcomes. A second author independently checked information extraction to ensure that consistent detailed information was included for each study.
The validity questions from a quality criteria checklist were used to critically appraise the validity of each study included in this review with respect to research design and implementation. The checklist was available as part of the Evidence Analysis process of the Academy of Nutrition and Dietetics Evidence Analysis Library and allowed for the rating of primary research studies as positive (''clearly addressed issues of inclusion/exclusion, bias, generalizability, data collection, and analysis''), negative (''these issues have not been adequately addressed''), or neutral (''neither exceptionally strong nor exceptionally weak''). 50 The process to appraise study validity involved several steps in which an external reviewer first used the checklist to generate responses to all validity questions for 26 of the 28 studies (2 based on primarily qualitative evaluation methods were not included in this process 24, 38 ). Next, authors generated responses to all validity questions for 2 to 6 studies each for a total of 13 of the 26 studies. Finally, 1 author reviewed responses to the validity questions for all articles reviewed by the external reviewer and other authors, and generated an overall rating of positive, negative, or neutral for each study. Interrater reliability was determined for ratings of the 13 articles by the external reviewer and multiple authors based At 1-y postintervention, participants reported using lowfat dairy products, FV, and highfiber starchy foods more often; and using less salt and eating fewer fatty, fried, and sugary foods (no information on statistical significance provided).
(continued) Of 19 men completing pre/post questionnaires, most reported developing multiple cooking skills through the program, as well as increased pleasure and confidence cooking (statistical analyses not reported). The majority indicated developing strategies to reduce fat and salt in cooking and to increase fiber and variety.
Foley and Pollard 33
Pre-/post-assessment of intervention without control group: budget and cooking sessions delivered by trained community advisers, and grocery store tour (assessment at baseline, postintervention, and 6-wk and 4-y follow-up)
Low-income earners, the majority women and the usual shopper, living in Western Australia (n ¼ 612; 150 of these were trained as advisers) (formative research began in 1991, outcome evaluation was completed in 1996) 4 90-min sessions FFQ (Diet Check) to assess changes in dietary intake and behavior (FV; breads and plain cereal foods; foods high in fat, salt, and sugar); questionnaire and in-person or telephone followup to assess spending changes and healthy food budgeting For paired budget session attendees (n ¼ 86), at 6-wk follow-up there was a significant increase in proportion who spread margarine thinly and who rarely ate ''lollies'' [candies] or bought cakes. Of those who attended budget/cooking sessions (n ¼ 133), at 6 wk 28% indicated making changes in (continued) indicated spending more on FV (71%) and bread and cereal foods (50%), and less on chocolate/treats (70%) and convenience foods (69%) than before FoodCent$.
Ranson 34 Post-intervention and follow-up of intervention without control group: men's cooking class (assessment postintervention and 4-to 6-wk follow-up) Table 2 presents information about the evaluation tools used to measure quantitative outcomes, literature sources, and pilot testing. A wide variety of outcomes (qualitative or quantitative dietary outcomes and health outcomes such as weight or blood lipids) across studies was reported based on a variety of evaluation measures.
To better describe the type of cooking/food preparation studies conducted from 1980 to 2011, the authors quantified the number of studies based on study design (inclusion of a control group and randomization of participants) and the type and timing of evaluation to assess effectiveness (post-assessment only, pre-and post-assessment, and whether followup was completed after postassessment). Outcomes based on study objectives were summarized based on several categories including dietary change, knowledge/cooking skills, self-efficacy and intentions, and changes in health outcomes such as metabolic biomarkers or weight. Overall findings were highlighted and examples were provided to further illustrate the type of studies and participants used to generate the findings for each outcome category.
RESULTS

Study Type and Outcome Measures
Of the 28 studies, 16 did not include a control group. Of these, 4 used post-assessment measures only, [22] [23] [24] 34 whereas 12 had pre-and postintervention assessments. [25] [26] [27] [28] [29] [30] [31] [32] [33] [35] [36] [37] Of the 12 studies that included a control group, 6 did not randomize group assignment [38] [39] [40] [41] [42] [43] and 6 did. [44] [45] [46] [47] [48] [49] The total number of sessions in each intervention varied widely, from 3 35 to 4, 33,45 6, 26-28,30 8, 31,32,36 12-13, 29,37 and 38 sessions. 25 Some studies also contained additional components such as refresher sessions 6 months after intervention completion. 37 Across all 28 studies identified in this review, 15 assessed potential impacts of the intervention beyond the immediate postintervention assessment, including 5 that did not include a control group [25] [26] [27] [33] [34] and 10 that did. 39 Location not specified.
These follow-up assessments ranged from 1 to 48 months after the intervention concluded. Studies varied with respect to type of participant, intervention activities and duration, and expected outcomes. Most studies involved adults; however, several targeted parents because of the role they have in promoting healthful diets and prevention of chronic disease among children. 42, 44 The majority of the 28 studies focused on changing outcomes that could be measured quantitatively. Table 2 presents information about quantitative tools used to assess dietary outcomes and outcomes related to nutrition or cooking knowledge, attitudes, and practices. Diet-related assessment tools ranged from questionnaires regarding frequency of dietary behaviors (eg, eating fruits and vegetables, drinking low-fat milk) to standard dietary intake data collection methods (eg, 24-hour dietary recalls). For some studies, little or no information was provided about the source of evaluation tools or whether they had been validated. 25, 32, 34 Other studies described a process whereby content validity, internal consis-tency, and/ or test-retest reliability were assessed. 26, 39, 45, 46 Still other studies referenced previous research from which tools were drawn directly, with or without modifi-cation, 29, 30, 43 or research from which tools had been adapted for use in the intervention. 35, 36, 39, 45 Some studies used qualitative interviews alone or in conjunction with other measures to assess outcomes [22] [23] [24] 34, 38 or physical and laboratory measures for outcomes, such as change in blood pressure or serum cholesterol. 36, 37 Only 4 studies examined effects on body weight. 36, 37, 43, 49 
Process Evaluation
Process measures were not reported for some studies and varied widely for studies that included this type of evaluation. Most studies reported the number of participants recruited and the number in the final sample, but few discussed the differences in these samples brought about by attrition. Some studies reported attendance at intervention sessions or completion of intervention activities, [25] [26] [27] 29, 33, 37 differences in outcomes according to attendance, 27 and preferences for follow-up methods. 26 Other studies explored opinions and feedback about programs and participant experiences. 28, [32] [33] [34] 38, 44, 45 Reasons for not completing intervention sessions were presented in several studies, 39, [47] [48] [49] and only a few studies provided information about program cost. 43, 46 Evidence Analysis Library
Process of Validity Ratings
Based on the Evidence Analysis Library validity questions, a positive rating was assigned to 11 studies, a neutral rating to 1 study, and a negative rating to 13 studies. A ''no'' response to > 6 validity questions resulted in a negative rating. Most often these questions were related to specification of inclusion/exclusion criteria, handling of withdrawals, use of standard, valid and reliable data collection instruments, and adequate description of statistical analysis. ''Not applicable'' responses to questions were not considered in the rating. Most often, those questions were related to comparability of study groups and blinding for studies without a control group.
Outcome Evaluation: Dietary Intake
Of the 28 studies, 19 evaluated the impact of a cooking intervention on dietary intake, assessed in various ways. Despite varying study designs and measurement tools, 16 studies reported a positive impact on food intake. Ten of these were interventions without a control group; all showed beneficial changes in intake of various nutrients, food groups, and specific foods after the intervention, each using different measurement tools. [24] [25] [26] [27] [29] [30] [31] 33, 35, 36 Using dietary questionnaires, 1 of which was a previously tested Eating Styles Questionnaire, 30 an intervention aimed at members of a South Asian community in the United Kingdom, 25 and an intervention aimed at African American faith community members 30 resulted in reported improvements in intakes of dietary sources of fat, fiber, sugar, or sodium. 25, 30 The intervention arm of the Women's Healthy Eating and Living Study included 12 monthly cooking lessons for women previously treated for breast cancer. 29 Increased cooking class attendance was significantly associated with improvement in participants' Women's Healthy Eating and Living Adherence Score, an index measuring achievement of dietary targets, such as fruit, vegetable, and fiber intakes and percentage of energy from fat.
Of the interventions including a control group (n ¼ 12), 5 showed that intervention participants' dietary intakes improved to a greater degree than those of the control group. 39, 41, 43, 47, 49 For example, a multiple-pass, 24-hour recall was used to assess outcomes of a healthy eating class for men with prostate cancer vs a control group receiving usual treatment. 49 A significant reduction in the consumption of saturated fat and animal proteins and increased vegetable protein consumption was observed for the intervention group compared with the control group.
Two of the nonrandomized trials showed mixed results for the intervention group compared with the control group, as measured by Food Frequency Questionnaire or food diaries. 39, 41 Cooking class intervention participants significantly increased consumption of grains compared with the control group that received no intervention, but their intakes of dairy, fruits, and meats were not significantly different. 41 Adults living in areas of social deprivation in Scotland who were exposed to a nutrition education and cooking class intervention significantly increased their intake of fruit pre-to postintervention, but this was not maintained at the 6month follow-up. 39 
Outcome Evaluation: Knowledge/Skills
Using qualitative measurements/ tools, 3 cooking class interventions assessed cooking knowledge/ skills. 24, 32, 38 Participants of all 3 interventions reported an improved understanding of healthy food preparation and healthier cooking strategies. Four studies reported effects on nutrition and fruit and vegetable knowledge. 35, 38, 40, 45 For example, using theory-based FV intake 31, 44 Pre-post questionnaire pilot-tested for reliability 31 Reliability data not reported 31 Frequency of reported dietary behaviors 25, 26, 28, 30, 33, 36 Cooking skills questionnaire, 32, 39 cooking survey of attitudes, behavior, and knowledge 32, 46 ; cooking confidence/frequency questions 32, 34 Cooking skills questionnaire 39 Food Behavior Checklist 28 designed with procedures from Perkin 65 Food and Nutrition Behavior questionnaire 36 adapted from Oklahoma Expanded Food Nutrition Education Program FFQ indicates food frequency questionnaire; FV, fruit and vegetables.
knowledge questions adapted from a questionnaire used in an existing program, a diabetes education and cooking demonstration intervention resulted in an increase in nutrition knowledge pre-to postintervention. 35 Outcome Evaluation: Cooking Self-Efficacy/ Confidence, Intention/Behavior, and Attitudes Three cooking class interventions, 32, 34, 39 2 of which were aimed specifically at men, resulted in an increase in cooking confidence. Two of these studies also showed an increase in cooking activity at postintervention 32 and at 4-or 6-week follow-up. 34 A third study found a significant increase in confidence in following a recipe between baseline and 6-month follow-up, as measured by an untested cooking skills questionnaire. 39 Two cooking class interventions reported positive results with respect to participants' cooking attitudes and enjoyment, 32, 41 although the findings were not significant or significance was not reported. Attitudes were determined by various surveys, 1 of which had been evaluated for test-retest reliability, 41 and another by key informant interviews. 32 
Outcome Evaluation: Health Outcomes
Four studies reported positive health outcomes 36, 37, 43, 48 ; 2 of these involved positive changes in serum cholesterol. 36, 37 Other studies addressed improvement in parameters associated with conditions or diseases. For example, patients with rheumatoid arthritis significantly improved according to a variety of rheumatoid arthritis measures compared with the control group, which received only healthy eating information. 43 More patients with chronic kidney disease improved in parameters such as urinary protein, urinary sodium, and blood pressure in an experimental group receiving cooking and exercise classes, compared with a standard care control group. 48 Men with biopsy-confirmed prostate cancer who completed a cooking class intervention showed a significant increase in quality of life compared with the control group, but no impact on body weight was observed. 49 Similarly, body mass index did not change from pre-to post-intervention among hypercholesterolemic individuals. 36, 37 
DISCUSSION
This review indicates that interventions involving home food preparation and/or cooking may result in favorable dietary outcomes, food choices, and other health-related outcomes among adults. However, the results should be interpreted with caution based on weaknesses in study design, varying study populations, and the lack of rigorous assessment.
Findings Related to Changes in Dietary Intake and Health Outcomes
Dietary behavior change for an individual may be based on a progression of tasks involving food selection/ acquisition, preparation, and consumption. Given this progression, food preparation knowledge and skills are critical components that can facilitate dietary change. As expected, the majority of interventions in the current study that targeted changes in food preparation knowledge and skills produced positive effects on dietary intake. Previous cross-sectional studies have suggested a relationship between food preparation knowledge or skills and consumption of particular foods. 51, 52 For example, among adult WIC participants, the likelihood of consuming fruits and vegetables was strongly related to knowing how to prepare most fruits and vegetables, 51 and barriers to long-term intake of whole grain foods was related to cooking skills among adults in the United Kingdom. 52 Several calls have been made recently for culinary skills education programs for children, 53, 54 based on the likelihood that these skills would persist into adulthood. However, if adults lack these skills and the confidence that might accompany their development, as observed in several studies reviewed, 32, 34, 39 programs to educate adults with respect to food preparation knowledge and skills are also important.
Several studies in this review identified barriers to dietary changes based on implementing practices encouraged by the cooking intervention. 24, 40 Primary barriers were family food norms/preferences and resistance to change, as well as financial constraints. Cooking programs have the unique ability to help parents address resistance to dietary change by including family members in the instruction or by providing information about ways to make dietary change more palatable and acceptable. Studies included in this review expanded the intervention's breadth in such ways as providing professional support and including budgeting sessions alongside cooking instruction. It may not be practical to target all cooking barriers (eg, a deficit of cooking skills, nutrition knowledge, cooking facilities, and food accessibility) in a single intervention. Furthermore, if these barriers were addressed through an intervention, it is unlikely that longterm positive outcomes would result unless the removal of barriers was sustained. Multiple cooking barriers are an opportunity for researchers to creatively partner with organizations working on such issues as food access. Interventions that target multiple cooking barriers are also an opportunity to demonstrate the need for comprehensive community responses to food environment issues.
Certain promising strategies emerged from intervention studies designed for community programs interested in implementing cooking programs. Several studies used peer leaders to guide cooking, nutrition, and budgeting sessions, and demonstrated positive outcomes. 25, 33 In addition to positive outcomes for the participants, peer advisors of 1 intervention indicated positive dietary intake changes 4 years after the completion of the intervention. 33 Four additional studies were successful in tailoring healthy cooking interventions to populations with specific health concerns: specifically, hypercholesterolemia, 37 rheumatoid arthritis, 43 prostate cancer, 49 and myocardial infarction. 47 In addition to having a significantly positive impact on dietary intake, these interventions positively affected rheumatoid arthritis measurements and blood pressure, 43 serum cholesterol, 37 and quality of life for men with prostate cancer. 49 
Interpretation of Results Based on Study Design
Study design differences make it challenging to draw conclusions about the potential benefits of interventions. More than half of the studies included in the review (16 of 28) did not include a control group, and of the 12 studies that did include concurrent control groups, only 6 involved randomization of group assignment. The limited number of studies with longer-term follow-up assessments (15 of 28) imposes further restrictions on the ability to draw conclusions about effectiveness. Although some exceptions exist, the majority of longer-term follow-up assessments demonstrated maintenance of positive dietary and health outcomes. However, the length of time between postintervention and follow-up assessment varied widely. Although the measured outcomes for most interventions were primarily positive, little consistency existed among the intervention programs with respect to method of delivery (ie, cooking class, cooking show), number of participants, type of participant (ie, men, college students, lowincome women), or the time passed between postintervention and the final assessment.
Community programs almost certainly have selection bias in which participants interested in cooking are naturally drawn to a cooking intervention, which results in a higher likelihood that positive outcomes will be found. Selection bias can be moderated by conducting interventions among pre-formed groups (eg, senior housing complexes) where there is a wider range of interest in cooking because participants do not self-select to participate. Small sample sizes and a small number of intervention sessions also yield concerns about representativeness, generalizability, and intervention dose in many intervention studies.
INTERPRETATION OF RESULTS BASED ON EVALUATION/OUTCOME ASSESSMENT
A wide assortment of measurement tools were used to evaluate effectiveness of the cooking/home food pre-paration interventions, many of which were neither validated nor well-established measures of dietary intake, such as the 24-hour dietary recall. The wide range of nonvalidated, unique surveys, and questionnaires makes it difficult to compare results across studies. Few validated instruments exist for measurement of cooking intervention outcomes including cooking knowledge, selfefficacy, and skills. For example, only recently has the validation/testing of several measures of cooking selfefficacy been reported. 55, 56 For many studies reviewed, consistent process evaluation was absent.
Whereas several studies addressed participant withdrawals, discussion of program implementation and expected output is noticeably absent from most studies. Process evaluation measures are particularly important as cooking programs are being implemented more widely. Process evaluation is important in measuring the degree to which interventions are implemented as planned. 57 Without these measures, it is difficult to assess the efficiency of a cooking program or how well the program is being implemented.
IMPLICATIONS FOR RESEARCH AND PRACTICE
Regardless of the lack of definitive evidence to support a relationship between cooking instruction and long-term cooking behavior or health outcomes, public health professionals have aggressively moved forward with cooking initiatives. Many programs exist at the national, state, and community levels that promote cooking as a necessary and appropriate response to overweight/obesity and food insecurity, such as the Cooking Matters program. 21 To enhance the impact of these types of popular programs, additional research is needed regarding the needs of noncooking individuals and the most effective methods of delivering and evaluating cooking interventions. The most pertinent and essential recommendation for future studies is the necessity for stronger study designs, such as those using control groups. Recruitment strategies and sampling biases should also be considered. The use of standard, valid, and reliable data collection instruments and adequate description of statistical analysis is necessary to move this research area forward with rigor. Additional validated evaluation tools may become available as more studies are published with respect to cooking intervention outcomes. Research teams should also incorporate process evaluation measures to report recruitment and retention of study participants, exposure to the intervention, and fidelity of program implementation to the study design. Reporting inclusion/exclusion criteria and handling of withdrawals has become more common in recent studies, but should be a priority to address validity of studies in the future.
Despite imperfections, public excitement over cooking programs is an opportunity for public health professionals to harness this energy and discover the most beneficial approaches to promote long-term dietary changes and subsequent health outcomes. Continued conversation about the direction of cooking initiatives and implementation of these initiatives alongside interrelated measures such as increasing food accessibility and affordability are essential. Because of the current rates of overweight and obesity in the US, strong public enthusiasm for cooking classes provides a rare public health opportunity to engage the community while working to affect dietary outcomes, overweight and obesity, and related health conditions.
